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An Overview of NASA Efforts on In-Space Cryogenic Propellant Management

Technologies

Stephen P. Tucker

Leon J. Hastings

NASA, Marshall Space Flight Center

Marshall Space Flight Center, AL

Future mission planning within NASA continues to include cryogenic propellants for ?'-

space transportation, with mission durations ranging from days to years. Between 1995

and the present, NASA has pursued a diversified program of ground-based testing to

prepare the various technologies associated with in-space cryogenic fluid management

(CFM) for implementation. CFM technology areas being addressed include passive

insulation, zero gravity pressure control, zero gravity mass gauging, capillary liquid

acquisition devices, and zero boiloff storage. NASA CFM technologies are planned,

coordinated, and implemented through the Cryogenic Technology Working Group which

is comprised of representatives from the various NASA Centers as well as the National

Institute of Standards and Technologies (NIST) and, on selected occasions, the Air Force.

An overview of the NASA program and MSFC roles, accomplishments, and near-term

activities are presented herein. Basic CFM technology areas being addressed include

passive insulation, zero gravity pressure control, zero gravity mass gauging, capillary

liquid acquisition devices, and zero boiloff storage. Recent MSFC accomplishments

include: the large scale demonstration of a high performance variable density multilayer

insulation (MLI) that reduced the boiloff by about half that of standard MLI; utilization

of a foam substrate under MLI to eliminate the need for a helium purge bag system;

demonstrations of both spray-bar and axial-jet mixer concepts for zero gravity pressure

control; and sub-scale testing that verified an optical sensor concept for measuring liquid

hydrogen mass in zero gravity. In response to missions requiring cryogenic propellant

storage durations on the order of years, a cooperative effort by NASA's Ames Research

Center (ARC), Glenn Research Center (GRC), and Marshall Space Flight Center (MSFC)

has been implemented to develop and demonstrate "zero boiloff (ZBO) concepts for in-

space storage of cryogenic propellants. An MSFC contribution to this cooperative effort

is a large-scale demonstration of the integrated operation of passive insulation,

destratification/pressure control, and cryocooler (commercial unit) subsystems to achieve

zero boiloff storage of liquid hydrogen. Testing is expected during the Summer of 2001.
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